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FOREWORD

Classified matetral has ben removed in order to make the informat-n
rvailable on an unclassified, open publication basis, to any intereste
parties. The effort to declassify this report has been accomplished
specifically to 3uprfrt the Department of Defense Nuclear Test Personnel
Review (NTPR) Program. The objective is to facilifate studies of the low
levels of radiation received by some individuals during the atmospheric
nuclear test program by mdkin9 as much information as possible available to
all interested parties.

The material which has been deleted is either currently classified as

Restricted Data or Formerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication.

The Defense Nuclear Agency (DNA) believes that though all classified
;a~erial his been deleted, the report accurately portrays the contents of the
originl. DNA also believes that the deleted material is of little or no
significance to studies into 0ie amounts, or types, of radiation received by
any individualr. during the atmospherit nuclear test program.
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I

A BSTRACT

The objectives of Pro'ect 2.8 were (1) to determine the residual

radiation patterns and the field decay rates resulting from low-yield

contaminating detonations, and (2) to determine the gamma dose rates

' a-id decay rates in and around the crater areas as soon after detonation

as possible.

Detailed ground surveys of the contaminated areas were conducted

in July 1962 at the Nevada Test Site (NTS) after the detonations of

Little Feller I, Little Feller II, Johnie Boy, and Small Boy. In ad-

dition to ground-survey operations, high-level dose~-rate recorders

were placed by helicopters in or near the crater produced by each shot,

and helicopter-to-ground instruments were used to measure dose rates in

ground zero areas.

Approximately three thousand film badges were installed at on-site

monitoring points for the four shots, and about four thousar . badges

were placed at off-site survey points to 300 miles for the Small Boy

A. shct.

The H+l-hcur gam dose-rate contours for the Little Feller I and

TI, Johnie Boy, and Snall Boy shots are besed on ground surveys that

were significantLy more deti.led than surveys at any previous ZuCear

*... tests.

-ield ganm dose-rate decays thro.h .- day .,,.ried considerat.

.om i. to point within individ.al ratterns. In ienerl, for the

5



above-grcund shots, there were differences between the decay rates near

5'rouznd zero and those uz'bser-ed in the .ownwind direction. in t-c ex .res-

- sion It - I1t', the average exponent in the upwind and crcsswind direc-

tions tended to be appreciably less than 1.2; for stations at si;nificant

downwind distances, the decay exponent tended to be near 1.2.

The maximum grcund zero dose rates based on teasurements extrapolated

to H+l hour ranged f:.om -,3C r/hr for the Little Feller shots to '8,CO

r/hr for Small Boy.

h ihe nercent of tota). activity deposited by Little Feller i, Little

Feller II, and SMll Boy within the 0.5 r/hr H+l-hour contour was 6.5 per-

cent, 6.6 percent, and 24 percent, respectively. The percent deposited

within the Johnie Boy 1 r/br H4 l-hour contour was 69 percent.
A .6

S

! .4

[6

i

"< . , -.



PFIRA CE

- - This prooect was conducted with the assistance of a larg," numter of

iadividuals who worked long hours making radiological surveys over rough

terr in.

The ground radiological surveys made in Area 18 for Little Feller I

and II and Johnie Boy were conducted by personnel fromt the 'litary

District of Washington, D. C., under the direction of Captain Burton J.

Conway, U. S. Army Nuclear Defense Laboratory (USANDL), Edgewood Arsenal,

Maryland. The 50th Cheraical Platoon from Fort Ord, California, performed

- the on-site ground surveys at Small Boy, and the 22nd Chemical Company

from Fort McClellan, Alabama, commanded by Lt Richard D. 'vde, made off-

site ground surveys. Both groups were directed by Captain William G.

Powell, USANDL. Helicopter dose-rate measurements were performed by a

group of Chemical Corps officers furnished by Headqarters, Continental

Army° Co=%nd, Fort Monroe, Virginia, through arrangements :mde by the

Chief Chemical Officer and were supervised by Captain Alan A. Nord. All

the aforementioned offic-ers assisted in the planning of the experiments.

The four Marine Corns helicopters and crews were commanded by It

Cojonel H. L. McRay. These men were skilled pilots and contributed

,any suggestions helpful to successful helicopter operatlons.

7-8
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CHAPTER 1

INTRUCTION

1. 1 OBJECTIVES

The objectives of this project were: (1) to determine the resid-

ual radiation patterns and the field decay rates resulting from low-

yield contaminating detonations, and (2) to determine the gama dose

rates and decay rates in and around the crater areas as soon after

detonation as possible.

1.2 BOLCGROUND

Knowledge of the residual contamination from bursts of tactical

nuclear weapons on or near the surface is required to exploit more

effectively the offensive use of these weapons and to prepare the

necessary countermeasures for defense against them. The input infor-

mation now available for the current prediction systems is based on

limited data from a few test detonations.

The land surface shots for which close-in fallout contamination

intensities have been measured are: the surface shot of Operation

Jangle (1.2 kt); Coulomb C of Operation Plumbbob (500 tons); Fig of

Operation Ehdtack

The H+l-hour downwind dose-

rate contour distances for Jangle S, Coulomb C, and Fig are shown in

Figure 1.1 as corrected for a 15-knot mean wind speed. This correction



was made by assuming that downwind distance for a given contour varies

as the cube root of the wind speed (Reference 2).

. The ditenmination of the fallo'ut pattern resulting from the Jangle

surface shot was of necessity exploratory in nature and was also, in

many respects, a dry run for the subsequent underground shot. The fall-

out pattern that was developed was incomplete. The overall downwind

extent of the contours of importance in scaling or extrapolation to

higher yields was not determined. Therefore, the extent of contours

representing dose rates less than 35 r/hr at H+I hour is not known.

For Coulomb C, a one-point detonation, the 1, 10, and 100 r/hr con-

EN tours were relatively well defined (Reference 3). ThE i-r/hr contour

extended approximately 13,000 yards downwind. The mean wind speed for

the altitude interval of importance for this shot was estimated to be

8 knots.El The Shot Fig downwind fallout occurred over water. Hence, the

L equivalent gamma dose rates were inferred primarily from fallout collec-

tor data supplemented by monitor readings on a few barges (Reference 4).

The i-r/hr contour for this shot extended 750 yards downwind.

An analysis of Shot Fig results points out that the

extent of the 10 r/hr H+l-hour contour for a 20-ton weapon was shorter

by a factor of 5 than an admittedly large-range extrapolation from IM

23-200 (Reference 6) would indicate. However, this same analysis shcwed!

the extent of the higher level contours (100 r/hr or greater) to be

approximately as predicted.

- .16



The amount of fallout produced by detonation of fractional-kiloton

weapons at operational heights of burst has never been measured. At

Shot Fig, the scil at ground zero was saturated with salt water

and -as not typical of a true land-surface burst. Furthermore, the

detonation did not take place at the operational height of burst planned

for weapons.

'The efficient use of cratering detonations for peaceful as well as

military usage demands accurate knowledge of the degree to which the

radioactivity is scavenged and retained in the i-ediate vicinity of

the burst. Information about dose rates formed in and near the crater

by contaminating bursts was needed for the development of models to be

used in extrapolation to other yields. Ideally, a model attempts to

account for all fission products produced in the detonations. Thus, it

was essential to know the extent of the high dose-rate contours as well

as tle extent of the low dose-rate contours normally measured. An addi-

tional requirement for a knowledge of high dose-rate contours has been

established by designers of protective shelters for hardened sites.

Here, high dose-rate data are needed primarily to determine how soon

above-ground operations tan be res.zed near the site. In general, one

protective factors requl:red for shielding against initial radiation

were more than adequate for protection against fallout.

,i
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Attempts to measure dose rates in high dose-rete regions were made

at previous surface and near-surface bursts. However, it was not possi-

ble, except for low-yield tests, to obtain measurements at times less

than H+2 hours because of safety considerations.

At Shot Ess, Operation Teapot (Reference 8), and at Shots Lacrosse

and Mohawk, Operation Redwing (Reference 9), early measurements were

made in the crater area by lowering a cose-rate measuring instrument

from a helicopter hovering over the area while actual dose rates were

read on a meter inside the helicopter. These measurements were made

for bursts of widely different yields, depths of burial, and types of

soil.

$4.
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CEAPTER 2

PROCEDURE

This project participated in Shots Little Feller II, Johnie Boy,

Small Boy, and Little Feller I, as shown in Table 2.1.

TABLE 2.1 PROJECT 2.8 SHOT PARTICIPATION

Event Date Time

1962

Little Feller II 7 July 1200
Johnie Boy 11 July 0945
Small Boy i4 July 1130

Little Feller I 17 July 1000

2.1 OPERATIONS

The contaminated area produced by each event was thoroughly sur-

veyed by ground-survey parties and helicopter-to-ground units. In

addition, high-dose-rate recording instruments were placed in and near

the crater produced by each shot. Film badges were placed throughout

the regions of expected fallout.

2.1.1 Ground-Survey Station Layout. In order to accomplish the

detailed radiological )urveys required to meet the project objectives,

it was necessary to establish an array of points throughout the ex-

pected downwind region at which the radiation could be measured repeatedly.

20



Little Fellers I and I1, and Johnie Boy Ground-Survey

Stations. Events Little Fellers I and II and J-ohnie Boy were fired

near each other in Area 18 of the Nevada Test Site (NTS). An array

of close-in monitoring stations was established in such a manner that

a portion of the array used for the earlier Danny Boy event (March

1962) could be utilized. This station layout is shown in Figure 2.1

and extends for a distance of approximately 4 miles in a northerly

direction.

The mountainous terrain in Area 18 made cross-country travel

from one station to another impossible even with four-wheel-drive

vehicles. To overcome this difficulty, a network of roadways was

made by bulldozers. Trails were made as shown along the various

lines of stations. However, some of these trails were impassable by

vehicle because of the poor traction on the loose, sandy surfaces of

steep inclines. In general, the roads were laid out perpendicular

to the expected wind direction at shot time. This procedure could

be followed only within a few miles of ground zero. Approximately

95 miles of trails were made by bulldozer.

At greater distances, north of Pahute Mesa, it was necessary to

fit roads to the natural land contours because of the still more

rugged mountainous terrain. An inverted U-shaped array of stat iors

was therefore laid out to run north through Kawich Valley, west

through the Standard Mine Region into Gold Flats, and south thrci.h
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the Silent Canyon area, as shown in Figure 2.2. This route enabled

coverage north of the mountains to a distance of 30 miles downwind.

A line of cast-west stations was riaced across Kawich Valley between

the Quatzite Mountain Fange on the west and th_ Belted Range to the

east. At Gold Flat Well No. 1, stations were located in a general

easterly direction to Quartzite Mountain and then north along the

base of the mountain to the main stake line. During operations, an

additional line, 3 miles long, was ran cross-country in an easterly

direction from Station 00 at the mouth of Silent Canyon toward

Quartzite Mountain. Stations were pleced along all these routes at

intervals of 0.3 mile. Helicopter-survey stati.)ns located in these

mountains are d4 scussed in Section 2.1.2.

Points at which dose rates were to be measured were eatablished

along each of the roads shown in Figures 2.1 and 2.2, At each point,

a 2- by 2-inch stake was driven into the ground to extend 36 inches

abore th- surface. The distance between each stake in the station

layout shown in Figure 2.1 was measured by chain. Note that this

technique, when employed over hilly terrain, produced U.cations

which were not a given straight-line distance from each other.

Each line of stakes in the close-in array was designated by

letter or assigned a name, and the stakes were ntmbered consecutively

from one end of each line. All sides of each stake were marked for

Lase of identification. In addition, a 3-inch-wide, 18-inch-long
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streamer 7-f colored fIc.rescent cloth was stapled to the tor 3f

stake. Four different colors were repeated throughout the array tc

ensure positive ident .f..ation of location 2?r survey parties. Approxi-

mately 2,030 stakes were used for these three arrays in Area 18. FiLm

badges were placed on each stake on D-1 day for the event to be studied.

'.Three types of badges were used because of a shortage of a single type.

For puarposes of cross-calibration, all three types were placed at many

locations throughout the area.

Field ogerations began on 28 June 1962 when thirty militar person-

nel from the Military District of Washington began marking the roads

described above. All road. were marked by the evening of 5 July 1962.

For Little Feller I., stakes were placed from 100 to 1,000 feet apart

on downwind roads at distances of 200, 400, 600, 900, 1,200, 1,500,

2,000, 2,500, 3,000, 4,00O, 5,000, 7,000, 9,000, O1,000, 13,000, and

16,000 feet from 3round zero. Three upwind radial roads at azimuths

to ground zero of 135, 180, and 260 degrees were staked at 100-foot

intervals to a distance of 2,000 feet from ground zero to enable

complete pattern coverage.

The station layout for Johnie Boy was located on the same site as

tnat for Little Feller II except that roads for stake lv".es were placed

at distances of 500, 1,000, 1,500, 2,250, 3,000, and 4,000 feet from

* - ground zero. In addition, a Danny Boy line that pa.ssed 250 feet ur-

wind of the Johnie Boy ground zero was utilized along the downwind

t)n
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Danny Boy radials at azimuths of 20, 28, 37, and 45 degrees to Thp Danny

Boy ground zero. Upwind radial lines were established at azimuths of

125, 154, 178, and 198 degrees to the Johnie Boy ground zero. The Little

Feller I station layout required that only a few new perpendicular

roads be cut at distances of 200, 400, 600, 900, 1,200, 1,500, 2,000,

2,500, 3,000, 3,500, 4,oOO, and 5,000 feet downwind of ground zero.

Beyond 5,0OO feet downwind of ground zero, the Johoie Boy and Little

Feller II networks were used. Upwind radial lines at azimuths of 125,

170, and 225 degrees were used to complete the pattern. As in the other

two events, adjacent stations were placed at increasing distances of

100 to 1,000 feet from ground zero.

-a Small Boy Ground-Survey Station. . The job of monitoring

to 300 miles from ground zero was divided into off-site and on-site

operations. A platoon from the 22nd Chemical Company of Foit McClellan,

Alabama, was given responsibility for off-site operations from 30 to

300 miles from ground zero The 50th Chemical Platoon from Fort Ord,

California, was given responsibility for on-site operations. The

Platoon from the 22nd Chemical Company spent approximately 60 days in

establishing monitoring locations in both regions.

North-south stake lines were placed east of ground zero at 1,00C-

foot intervals to 4,000 feet; a 2,000-foot intervals between 4,030 and
S

12,000 feet; and at 15, 18, 26, 34, and 46 thousand feet. In addition,

-2
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three rows of stakes were placed in both Indian Springs Valley and Three

Lakes Valley (sometimes designated as East IndianSprings Valley) at

distances of approximately 16 and 30 miles, respectively, from ground

zero. In each valley, stakes were placed 1,000 feet apart along the

road running through the center of the valley, and an additional row

was placed along each side of the valley. The stake rows were extended

as far north and as near the edge of the valley as four-wheel-drive

vehicles could be driven. Upwind of ground zero, radial rows of stakes

were placed at azimuths of 210, 240, 270, 300, and 330 degrees from

ground zero. The distance between stakes varied from 200 feet, close

to ground zero, to 1,000 feet at a distance of 10,000 feet from ground

zero. The station layout is shown in Figures 2.3 and 2.4. Some of

the close-in stake lines have been omitted from Figure 2.4.

In the area within about 9 miles east of ground zero (Figure 2.3),

1,044 stakes were placed on 55 miles of stake lines. The northern and

southern extents of stake lines P through G were dictated by the sandy

terrain, which made it difficult to drive on the northern portion of

these lines. Single-pass bulldozed roads along each of these stake im-

proved trafficability in some areas)but these deteriorated rapidly with

postshot traffic and sumer weather. Nine hundred and eighteen survey

stations were located in Indian Springs Valley and Three Lakes Valley

(East Indian Springs Valley) on 110 miles of roads. Forty-two stakes

were placed in four rows approximately east and west across the valley.
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Film badges were placed on all stakes except on lines A, C, D, F, L, N,

Q, U, and W. Three types of film badges were used, as described above for

Area 18 events.

Initially, a water-proof stencil card bearing an identification

number was stapled to each stake. Later, stakes had to be marked di-

rectly since some of the cards were blown off by the wind. Also, stakes

placed in the.loose sand at the north end of Indian Springs Valley were

blown down by high winds; and about 30 percent had to be replaced.

Spacing along all stake lines was determined by chaining. Project

2.9 stations were used for reference points wherever available and a

survey point was established near each-Project 2.9 station. The direc.

tion of the stake lines was determined by established roads or transit

sightings.

All stations within range of prompt nuclear or thermal effects

were in line of sight of ground zero. The majority of the stations

along stake lines K, I, and G were slightly depressed)and a few sta-

tions at the north end of the M road from M-1 through M-12 were

shielded by sand ravines. Monitoring stations were also established

beyond 30 miles from ground zero and extended to 300 miles in the ex-

pected downwind area. However, stakes were used only where fence

posts or other permanent markers were not present.

Off-site operations were defined as any operations east of the

Las Vegas Bombing Range to 300 air miles from ground zero and at an
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azimuth of 90 *30 degrees. The off-site preparations included:

1. Map reconnaissance of approximately 4,00 miles of roads in the

off-site area.

2. Initial ground reconnaissance.

3. Changes to original routes utilizing experience of first ground

reconnaissance.

4. Assignment of twelve team routes.

5. Personal reconnaissance by each team of their assigned road net

for geographic familiarization, determination of exact number of instru-

ments required, location of instruments, and the number of stakes needed.

The twelve teams were assigned as follows: one team was placed in

Richfield, Utah, to operate independently; two teams were based in St.

George, Utah; two teams in-Kanab, Utah; three teams in Cedar City,

Utah; and four teams were based in Mercury, Nevada, and scheduled to

move between Mercury and Caliente, Nevada, to cover the off-site area

from 25 to 100 air miles from Frenchman Lake.

The teams in St. George, Kanab, and Cedar City were controlled by

a supervisor in each city and by a roving field marshall based in Cedar

City. Overall off-site operations were directed cooperatively from

Camp Mercury with the United States Weather Bureau, United States Public

Health Service, and the University of California at Los Angeles (UCLA)

Laboratory of Nuclear Medicine and Radiation Biology. Figure 2.5 is a

map showing routes that were carefully reconnoitered and along which
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film badges were placed.

Film badges from Lexington Signal epot (LSD) were placed at 1,0CC-

foot intervals along line B, at 1/2-mile intervals along routes AD-AE,

AZ-AG, AD-AK, AK-AJ, AJ-AI, and AJ-At; at 1-mile intervals from AN to

Caliente and on all routes east of the AN-to-Calisnte road to include

the road along BG-BI-Karab-BW- 'J-BE-BB-ichfield. All fim badges east

of the EG-Richfield road net were at 2-mile intervals, as were the film

badges south of the Grand Canyon. This plan utilized approximately

2,500 film badges and is designated as Plan A (see Figure 2.5).

The possibility of meteorological conditions adverse to Plan A

necessitated development of a second plan (Plan B). Plan B extended

the northern boundary of the area of responsibility to a line from

ground zero in r. direccion 10 degrees west of magnetic north. This

line extended from ground zero through a point approximately 10 miles

west of Warm Springs, Nevada. Approxintely 1,200 film badges ob-

tained from Reynolds Electrical and vigineering Company (REECo) were

used for this extension. Plan B is also shown in Figure 2.5.

2.1.2 Helicopter-Survey Station Layout. Remote reading survey

meters were lowered to the ground from a helicopter to take radiation

measurements in areas where ground-survey parties could not enter be-

cause of the high radiation dose rates and inaccessible terrain.

Little Feller iI and Johnie Boy Helicopter Stations.

r 4- and D-3 days three rows of stations were established on the hit
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